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polymerase II occupancy, is similar in wild-type and
Drrp6 strains. Thus, these transcipts seem to arise from
new and independent RNA polymerase II transcription
units and are likely to be rapidly degraded by an Rrp6p/
exosome-dependent mechanism under normal circum-
stances. Consequently, Wyers et al. coin these new
transcripts CUTs for cryptic unstable transcripts. But
why are CUTs so unstable? Promoter features presum-
ably are not relevant because NEL025c transcripts ex-
pressed from a strong heterologous promoter are still
stabilized upon deletion of RRP6. Instead, Wyers et al.
turn to the 3# end and show, unexpectedly for an RNA
polymerase II transcript, that most of the 3# end ade-
nylation cannot be accounted for by Pap1p activity.
This sounds familiar, and sure enough, CUTs are also
stabilized in Dtrf4 and Dair1/Dair2 mutant yeast strains
and are not polyadenylated, in keeping with the involve-
ment of TRAMP.
The recent application of DNA “tiling” microarrays to
molecular biology has shown that much more of the
genome is transcribed than was previously anticipated.
In human cells, such unannotated transcripts are both
polyadenylated and nonpolyadenylated and are found
throughout the cell, although the majority reside in the
nucleus (Cheng et al., 2005). A major challenge is to
sort out how much of such transcription constitutes
“biological noise” and how much corresponds to new
protein-coding or noncoding RNAs. Significantly, Wyers
and coworkers estimate that over 10% of all intergenic
regions in yeast are likely to be transcribed. Are CUTs
functional? A biological role for most CUTs is hard to
imagine, given their low abundance and short half-
lives. Rather, the majority of CUTs might reflect the con-
sequence of inefficient transcriptional repression of
these genomic regions. Perhaps, as suggested by Wy-
ers et al., this could be evolutionarily important for the
creation of new functional loci in the genome. However,
until evolution conquers, cells are wise to ensure that
these potentially harmful transcripts are efficiently re-
moved.
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the POP-1 Paradox: Noncanonical
Wnt Signaling in C. elegans
In this issue of Cell, Kidd and colleagues (Kidd et al.,
2005) describe their identification of a novel -catenin
that functions in noncanonical C. elegans Wnt signal-
ing pathways to specify the different fates of daughter
cells produced by asymmetric cell division.
The widely conserved Wnt signaling pathway acts
throughout animal development to influence many dif-
ferent processes, including body-axis formation, organ-
ogenesis, cell polarity, cell migration, and stem cell pro-
liferation. Befitting such a broadly used pathway,
investigators have defined two classes of Wnt signal-
ing: the more common and better-understood canoni-
cal pathway (Logan and Nusse, 2004; Reya and Clevers
2005) and the less well-understood but increasingly
noteworthy noncanonical pathways (Veeman et al.,
2003; Herman and Wu, 2004). A report in this issue of
Cell provides fascinating new insights into the mecha-
nism of noncanonical Wnt signaling in the roundworm
Caenorhabditis elegans (Kidd et al., 2005).
In canonical Wnt pathways, the binding of secreted
Wnt ligands to cell-surface receptors leads to the stabi-
lization of a cytoplasmic protein called β-catenin, which
would otherwise be degraded. Stabilized β-catenin
then transits to the nucleus, where it binds to and con-
verts into activators a family of transcriptional repres-
sors called T cell factors (TCFs), turning on target genes
required for Wnt-induced cell fates. In contrast to ca-
nonical signaling, noncanonical Wnt pathways are more
variable in composition but are united by their indiffer-
ence to the canonical role of β-catenin. One such path-
way in vertebrates appears to utilize a Wnt ligand/
receptor complex and one canonical intracellular com-
ponent to modulate cytoplasmic calcium levels and in-
fluence cell migration. Another uses canonical receptor
and intracellular components to influence the cytoskel-
etal organization of insect epithelia. Neither requires
β-catenin, but both require other regulatory factors.
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guish the fates of daughter cells produced by numer-
ous asymmetric cell divisions have been identified in
C. elegans (Herman and Wu, 2004). These share regula-
tion that lowers, in one daughter of each division,
nuclear levels of the C. elegans TCF family member,
POP-1. In the absence of Wnt signaling, both daughters
acquire high levels of nuclear POP-1/TCF and adopt
identical fates (see Figure 1 in Kidd et al., 2005 for an
example). These pathways differ from other noncanoni-
cal pathways in their utilization of multiple Wnt pathway
components, including in at least some cases Wnt li-
gands, receptors, and cytoplasmic proteins and in all
cases POP-1/TCF. In addition, most require an unusual
β-catenin called WRM-1, and all require a widely con-
served mitogen-activated protein kinase (MAPK) called
LIT-1. POP-1, WRM-1, and LIT-1 form a complex that
phosphorylates POP-1, preventing DNA binding and
either inhibiting import or promoting export to lower
nuclear POP-1 levels (Herman and Wu, 2004).
In themost extensively studied noncanonicalC. elegans
pathway, the daughter with lower nuclear POP-1 is an
early embryonic cell that produces endoderm (intes-
tine). Its sister cell in a wild-type embryo retains high
levels of nuclear POP-1 and produces mesoderm (mus-
cle). In the absence of POP-1, both daughters produce
endoderm, while in the absence of upstream Wnt path-
way components, both daughters have high nuclear
POP-1 levels and produce mesoderm. Thus POP-1/TCF
represses endoderm fate, while Wnt signaling lowers
nuclear POP-1 and either relieves repression or alters
the remaining POP-1 activity (Herman and Wu, 2004).
Three postembryonic asymmetric cell divisions in
C. elegans employ related noncanonical Wnt pathways
but differ from endoderm induction in a paradoxical
way. Two such divisions mediate development of the
double-armed gonad: one daughter guides the growth
and migration of a gonad arm, while the other contrib-
utes uterine cell fates (see Figure 5 in Kidd et al., 2005).
Another asymmetric division, of the T neuroblast in the
male tail, produces one epidermal and one neuronal
precursor. In all three divisions, Wnt signaling promotes
the reduction of nuclear POP-1 in one daughter. How-
ever, in contrast to endoderm induction, inactivation of
upstream Wnt pathway components, or POP-1/TCF,
results in the same outcome: both daughters adopt the
fate of the cell that normally retains high nuclear
POP-1 levels. Therein lies the paradox: both high levels
of nuclear POP-1 and its near or complete absence
promote the uninduced fate. A partial reduction of
nuclear POP-1, in response to Wnt signaling, promotes
the induced fate. As first noted for the T neuroblast divi-
sion, it must be the activity, rather than the quantity, of
nuclear POP-1 that is important (Herman, 2001).
This POP-1 paradox has now been resolved by the
identification of another player called SYS-1 (for sym-
metrical sisters). Discovered by screening for gonad-
defective mutants (Miskowski et al., 2001; Siegfried and
Kimble, 2002; Siegfried et al., 2004), mutational inacti-
vation of SYS-1 results in both daughters of each go-
nad precursor, and of the T neuroblast, adopting unin-
duced fates. However, in contrast to upstream Wnt/
MAPK pathway components, SYS-1 inactivation doesnot affect nuclear POP-1 levels, which remain asym-
metric (Siegfried et al., 2004). Thus SYS-1 acts down-
stream of or in parallel to Wnt/MAPK signaling.
Positional cloning revealed that sys-1 encodes a novel
protein with three diverged armadillo repeats (Kidd et
al., 2005). β-catenins have several armadillo repeats,
and this similarity prompted Kidd et al. to ask if SYS-1
functions as a β-catenin-like cofactor for POP-1. They
found that it does: SYS-1 can convert POP-1 into a
transcriptional activator in cell transfection assays, and
it can functionally substitute for BAR-1, a canonical
C. elegans β-catenin required for other developmental
events. Moreover, SYS-1 binds POP-1 and, like other
β-catenins, does so through the N terminus of this TCF.
Finally, Kidd et al. show that SYS-1 is a dosage-sensi-
tive activator of POP-1. Larvae with only one wild-type
sys-1 gene exhibit a low penetrance Sys-1 mutant phe-
notype, while SYS-1 overexpression causes the oppo-
site phenotype, with both daughters adopting the in-
duced fate.
Thus SYS-1 (a β-catenin-like protein) and WRM-1 (a
noncanonical β-catenin) cooperate to regulate POP-1/
TCF. WRM-1, in conjunction with the MAPK LIT-1, pro-
motes the exclusion of nuclear POP-1 in one daughter,
while SYS-1 converts into a transcriptional activator the
nuclear POP-1 that remains. This appealing model, with
SYS-1 as a limiting activator of POP-1, elegantly re-
solves the POP-1 paradox. If nuclear POP-1 levels are
high, only a minor fraction is bound to SYS-1, and the
unbound POP-1 repressor competes for occupation of
target gene promoters. Wnt signaling reduces nuclear
POP-1, enabling the remaining POP-1 to bind SYS-1
and activate target genes (see Figure 4 in Kidd et al.,
2005). In this way, high levels of POP-1, and a near or
complete absence of POP-1, both specify the same un-
induced fate.
The general significance of this discovery remains
unknown. SYS-1 is not required for endoderm induc-
tion, and the noncanonical β-catenin WRM-1 does not
appear to influence the T neuroblast. Furthermore, the
SYS-1 sequence is novel, and while homologs exist in
other nematode species, they are not apparent in other
animal phyla. Indeed, nematodes remain the only ani-
mal known to encode three β-catenins, in contrast to
the single orthologs found in other animals, and C. ele-
gans β-catenins are the most diverged known, with only
20%–30% amino acid identity to vertebrate family
members. β-catenin from Hydra, one of the simplest
metazoans, exhibits 60% identity. Nevertheless, the
discovery of SYS-1 makes it seem likely that functional
β-catenins, not apparent from sequence alignments,
will be found in other organisms. Indeed, recent studies
have shown that an ortholog of the LIT-1 MAPK regu-
lates Wnt signaling in zebrafish (Thorpe and Moon,
2004). Surely this pleasing form of noncanonical Wnt
signaling operates not only in nematodes but in other
animal phyla, too.
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